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Tn.e resu.li;s of a ro'iatioinal -i;'nr.ee -degree - of-  freedon stuCiy 
r e l a t ing  t o  l o s s  of IMJ reference angles during high a l t i t u d e  a.bort 
of the  Apollo LEV a re  presen-ted herein.  Recomnendations a re  made f o r  
preventing loss of a t t i t u d e  reference during a,bort, and addi t iona l  
s tud ies  a r e  sugges-Led. 

introduction 

A ro t a t iona l  three-degree-of-freedom study wit.hout aerodynamics 
has been conducted t o  simulate a,borts of the Apollo Command Module a t  
high a l t i t u d e s .  The purpose of the  study wa,s t o  determine i f  the  three 
gimbaled DlU would twnble during aborts ,  and, fur ther ,  t o  suggest al ter-  
nate  methods t o  phevent loss of att i tud-e reference during high a l t i t u d e  
abor t s .  

Procedure 

r n  Lie anaLog study was conducted. iri-th the i n e r t i a  cha rac t e r i s t i c s  of 
th?  LEV programed t o  vasy with time. Tne gimb.1 ang1.e r a t e s  were con- 
puted from the  bo&- ax i s  r a t e s  u.s?lng a p i t ch  (Q), y m  ( ), and roll. (@) 
ro ta t ion  sequence. ' k e  on-off RCS system was ensloyeti. dmping ocly 
End a deacdbmd of two d.egs:ecs yer second IES used.. Prim,l-ily, the s-Lv.6.y 
was con&i-ct.ed iwi Yn the kicker rockei o-psx-z,i;i.~e arirf nc;mi.nal.ly alined.. 
Variations investigated. i n  the p-ro'uien included.: 
alinement from no-mina,l i n  the  p i tch  sense f o r  the  escape rockei; 2 )  20.3 
degree misslineirlent from nominal i n  the roll sense f o r  the  escape rocket; 
3 )  v a r i a t i o m  i n  i n i t i a l  roll r a t e  only; 4) var ia t ions  i n  i n i t i a l  p i t ch  
and yaw ra tes ;  5 )  var ia t ions  i n  combj-ned i n i t i a l  roll, yaw, and p i t ch  
r a t e s ;  and 6 )  the  middl-e gimbal angle ( Y A )  and the  outer  gimbsl- angle (@) 
displaced fron nominal. iteris ( 3 )  thi-ou-gh (6) above included the nominal. 
rocket a2.inemen-l; as wel l  as the - +0.3 degree iriisalinemcnt angles i n  p i t ch  
and r o l l .  
abor t  ra.tes a r e  spec i f ied  (40 
angles fo ry%nd  $$ wese a r b i t r a r i l y  chosen ZS those t h a t  might r e s u l t  as 
a na tura l  consequence of ro l l ing .  

1) +o. 3 degree mis- 

Regarding item (6) abo-fe, a. t  the  present  time only l imi t ing  
1ni-tj.al 0 i n  r o l l ,  5 O  i n  p i t ch  and yaw). 

The sequence of events during a high a l t i t u d e  abor t  vas as f o l 1 . m ~ ~ :  
Escape and kicker rockets f i r e  a . t  zero time, the  kicker rocket f i r i n g  f o r  
1.35 seconds and the escape rocket f i r i n g  f o r  8 seconds (f ixed character-  
i s t i c s  of -?ne LEV). 
occur -two seconds after.  teri:ili.nstion of the escape rocket t h r u s t .  Follow- 
ing t h i s ,  the ECS sysLem 112s active-Led t o  danp t.he vehicle 's  motion 3 

Manu-al je t t isoning of the t o k r e r  w a s  'ihen a,ssw!xd t o  

seconds a f t e r  the tCi\p2r \JB,S 

cedurcs, 
jetL2 ~ d l b ~ ~ l l ~ U  117 3,cczii-i;zZce :.;T'ch p r ~ S ~ ~ l t  prz -  

&&i,-q" . i c , ~ ~ s ~ e l y ,  the 17CS system ~y'i2s zzdc t o  f i r e  et zero time $0 
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&rnp the  n;oJilnn. E e ~ a u n c  of ‘;he j e t  log ic  erqloged a ~ d  the center-of- 
grav i ty  posit ion w?th the toi,:er attached, pos i t ive  p i t ch  rates a r e  not 
damped vhi.le the towor i s  at- teched.  It should be pointed out  t h a t  both 
system (syst.cms A and 3) i.;ere alw:_,ys operative when the RCS system was 
activa’i-ed. It sms coas“---- L~ ~ a , t i 7 j ~ ~ y  assu:.ed t h z t  tl.inblipg of the  DXJ could 
occur i f  .!? the mi3d.le gimbal a!igle, exceeded 75 degrees p r i o r  t o  30 
seconds a f t e r  the  i n i t i a t i o n  of abor t .  

Results 

Xesults of the study, which should be considered preliminary i n  
nature, are as fol1.ows : 

a. Tumbling of the  DXJ can occur witthin the  rocket misalinement 
angles spec i f ied  and no ini t f ia l  rates irqosed unless  the  RCS system i s  
operzt-ive a t  zero time. 

b. With an i n i t i a l  roll rate only imposed, roll r a t e s  of u2 to 
30 deg/sec can be t ,olerated and tumbling w i l l  not  occu.~ for t‘ne speci-  
f i e d  misnlinenient angles provided the  IiCS system i s  operative a t  zero 
time. 

c.  For the corriblnations of p i t ch  and yaw ra-i;es i-nvestigated, a 
p i t ch  r a t e  of 2.5 degrees per second and a yaw r a t e  of 5 degrees per  
second m e  to le rab le  when the  RCS systein is  operative a t  all t.irnes, 
whereas a com’o-in~t,ion of 5 desrees per  second i n  p i k h  and 5 de?;rees 
per  secnnd i n  ym; j.s not.  A roll r a t e  of approxiTz2t.el.y 10 d k ~ r ~ s  per  
sec.ond. c a n  be toJer?,ted. tz co:..7j5ii:~.iiorL ‘~it’~h the 2.  5 d e g s e s  p ” ~  seco:;? 
p i t ch  r a t e  and 5 degrees per second yaw r a t e .  

d. With i n i t i s l  roll and. yaw gimbsl. angles a t  zero t i m e  corres- 
poiiding t o  a 90 degree r o l l  about the X-body axis ,  tumbling occurred. 
1nd.ications were t h a t  f o r  a 30 roll angle about the X-body axis, tumb- 
l i n g  prabably would not occur. 

0 

e.  T i m e  h i s t o r i e s  of body r a t e s  ind ica te  t h a t  a maximum r e s u l t -  
a n t  r a t e  of about 1 rad/sec i s  possible  h-hen r a the r  severe i n i t i a l  
conditions a r e  imposed. h r t h e r ,  a f t e r  tower j e t t i s o n  and ac t iva t ion  
of the j e t s ,  the  high r a t e s  damy t o  the  dead-ba,nd values i n  about 5 
seconds. Two rqwesenta t ive  cc2ses wheretn t w l i o l i p g  of t‘ne Il?W did and 
d id  not occur a r e  shom as  figures 1 and 2. 

Conclusions 

Based upon the resul-ts of the l imi ted  investig;at%on reported here- 
in ,  it appears t h a t  the Da4U can provide a reference a f t e r  abor t  provided: 
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1) the  RCS syst,zz-fl is operz,-i,i>l-e E L  L - . . - - -  Ld.iL:c; 2 init ia?L pi tch ,  y z ~ ,  a n 2  
rol l -  r a t e s  are l imited t o  a;:prozim2-tely 2.5 degrees pzi- second., 5 degrees 
pe r  second., and 10 degrees per. second, rzspsc'iive2-y; and 3)  t h e  i n i t i a l  
roll angle about an ic-body axis  is lfmtt,ed t o  about, 30 degrees o r  less. 
In  additioii if a 30;: protmIxi.lity cin misrtl.inement angl.es were t o  be ccn- 
s idered adequate (assnTed t o  be 0.165 degrees) higher r a t e s  p-robabPj can 
be tol-erated p r i o r  t o  abort .  Further, although riot investigated,  je-L'Li- 
soning of the  tower while the  escape rocket i s  s t i l l  thr-ilsting rimy reduce 
the  poss ib i l i t y  of losing att i t ,ude reference a f t e r  LEV a'uoi-t a t  high a l t i -  
tudes. 

Rec omendati  ons 

The following recommendations a re  made based on the  r e s u l t s  of the 
present  study: 

1. The consequences of  ac t iva t ing  the RCS system a t  zero tkile 
following LEV abort  should be investigated for a l l  a l t i t u d e s .  

2. Studies si io~ild be ini'iia.i;ed t o  consider the f e a s i b i l i t y  of 
lowering the zbor t  rate 1irnlit.s. 

3. Studies should be in i  t i a i e d  t o  C O R S ~  der the f e a s i b i l i t y  of 
ma,nually jettisonring the  tower during the f i r i n g  of t.he escape rocket.. 
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# 8,IGireE 1. - Time his tory of vehic1.e motion af ter  abort with 

equivalel?: to z e m .  
of abort .  Note tha t  04U tu-Pbles . 

(2 ='O. 3 
- laterally (right; 1-011 .sense). I n i t i a l  rates and angles a x e  

RCS ac t iva t ed  13 seconds a f t e r  i n i t i a  tiox 
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FIGURE 2. - Tjme history of h i c l e  motion a f te r  a b o r t  with non ina l  escre,Te 
. b  nd i n i t i a l  c o r d i t i o n s  as follows : p-1tO0/sec, 

FICS x t i v a t e d  13 seconds a P t e r  i n i t i a t i o n  
1 02 abx- t .  Kote t'rlat DKJ does not  tul-Me. 
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